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Who am 1?

* Educational Background

O B.S. in Nuclear Engineering from University of
Tennessee, Knoxville (2018)

O M.S. in Nuclear Engineering from University of
California, Berkeley (2020)

O Prospective PhD in Nuclear Engineering from
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O Group: XCP-7
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O PhD Research: Antineutrino Detection
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Overview

* Organic Scintillators Overview
* What is DRIFT?
* Recent Developments in DRIFT

* Future Prospects and Plans




Organic Scintillators
How do they work and why do we care?
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Cross Section of an Organic Scintillator Detector

Organic Scintillator Volume

PMT

This process, from response of
the scintillator detector to the
output from the digitizer, is all

modeled in DRIFT

Y

{Digitizer}

( High
t Voltage

{ Readout}
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Organic Scintillators: Overview
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By National Nuclear Security Administration / Nevada Site Office -
Scintillator absorbs energy https://commons.wikimedia.org/w/index.php?curid=20990804
from radiation and de-excites Organic scintillator is low-cost and easy to use
by emitting visible light in bulk and in various detector geometries,

leading to many safeguards applications
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Organic Scintillators: Emission Spectrum
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varies between scintillators
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Organic Scintillators: Light Yield

Radiation of different
stopping power creates

characteristically different  _ | =
excitations 5 10; % EJ;T o Mﬁw
% i I EI276 ;
* Protons, deuterons, and R
electrons will all produce E T
different amounts of light 2" X
per MeV deposited B[
* Energy depositions are AT anlgy [M'ew' T
rep0rted In MeV electron T.A. Laplace et al 2020 JINST 15 P11020

equivalent (MeVee)
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Organic Scintillators: Scintillation Efficiency

How efficiently is energy converted into light?

* De-excitation can occur without emission of
optical photons, called quenching

* Impurities in the scintillator will often
Increase quenching

* Usually reported in photons/MeVee
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Organic Scintillators: Pulse Shape Discrimination

Proton Recoil Energy [MeV]
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PMTs: Quantum Efficiency

Visible photons > Electrons
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PMTs: Gain

Few Electrons > Current Pulse
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Digitizer Effects: Principles

Analog Signal > Digital Signal
Discrete

> £ [L intervals on
O > both axes
o @)

. Q

g ‘%

| [TTTTTTTTT

Time (ns) Time Bin (~4 ns/bin)
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Digitizer Effects: Clipping

Digitizers have a maximum voltage they can record,
too large of a pulse may be clipped!

/| 2Vots * m

Too high of a

> £ gain will lead
o —_— to a distorted
I a) spectrum
e <
] /

T

Time (ns) Time Bin (~4 ns/bin)
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Digitizer Effects: Pileup

Two pulses close together will cause pileup and be

recorded as one!
Integrating the

waveform will cause
two peaks to be
combined, leading to
f lost counts and may
misidentify gamma
events as neutrons

Voltage (V)
ADC Bin

Time (ns) Time Bin (~4 ns/bin)




DRIFT

A Detector Response Function Toolkit
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MCNP®6.2: A Powerful Tool for Radiation Transport
Simulations

Excellent simulation of neutron (and
gamma-electron) interaction in
materials

but

limited capability to model realistic
detector response to these
Interactions!
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DRIFT: Goals

* Post-processes MCNP output to
[ with DRiFT

= Detector Response
create realistic detector response

* Modular to allow user v

: : Output in the same
customization [ format as measurements ]

* Simple framework for addition of
desired scintillators and PMTs
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DRIFT: Process

/ MCNP®6.2 \ / DRIFT x

MCNP®_6.2 Simulation fModeI Scintillator Digitize Waveform
of Desired Geometry t Response

PTrac Particle_ W Al LT Produce Outputs
Track Output File J Response

U AN /
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DRIFT: User Input

[global]
modeltype=event
datasource=mcnp

datasourcemner [global]: What should DRIFT look for in
#Name of the PTRAC file you want to process the PTRAC flleo

datafile=omcnp p
#datafile 1s the file name of the mcnp ptrac output
det_cells=1

[SourceInfornation] [Sourcelnformation]: Should DRIFT track

call=SourceInformation .
multi_src=yes source particles (for correlated events)?

[scintillation]
call=Scintillation

e rtza 6 [Scintillation]: How should the detector and
olTage1900 PMT be modeled?

divider option=B

[Digitizer]

Coltaoe tamne 2.0 [Digitizer]: How should the waveforms be
e i onoaengs e digitized?

ter res = 58

DC_offset = 0.1

start point = 0.1

o P [WriteOutput]: What information should be
e output?
[WriteOutput]

call=WriteQutput
outputs=source e count det pulse det cell corr count time PSD cells history

Pt Timing (Source Activity) information can also be defined
20
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DRIFT: Output

source e (MeV) det pulse (MeVee) det cell corr count time (s) PSD cells history

0.133547 0 7.39562e-09

5438

2.82652 0. 44 A a. 9 0.255421 3
2.76593 0.60623 A 3. 0.234813 2

What outputs are printed is configurable in
the input file

A sample waveform can also be printed, if
desired
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DRIFT: Example Waveforms

Sample pulses

PSD: CC method

Cf-252 neutron pulses Cf-252 neutrons
—— Co-60 gamma-ray pulses s Co-60 gamma-rays
800 10000
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600 | 2
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3 2
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z
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n
200
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04 04
0 50 100 150 200 250 0 5000 10000 15000 20000 25000 30000
Pulse length Fast component integration [a.u]
PSD: PGA method PSD: SDCC method
16
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14
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Recent Developments
An Expansion of Organic Scintillator Options
and Capabilities
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Research Approach

Existing DRIFT Framework

ases|ay Japulyyled

Expanded Capabilities New and Expanded Test
(Deuterated Scintillators) Cases to Demonstrate
Capabilities

Additional Scintillators
and PMTs

24
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Expanded Capabilities

H H

El-315 Liquid Scintillator | 1
Lot # 230714-315

i Protium Deuterium
Lot # 230714-315 | Dirk Hinniger- https://commons.wikimedia.org/w/index.php?curid=46295940
“;‘\-&ki—y

Light output and pulse
shape looks different for
recoil deuterons than
protons

https://eljentechnology.com/products/liquid-scintillators/ej-315
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Additional Scintillators and PMTs

* 7 new scintillators (including 3 deuterated scintillators)

with emission spectra, light outputs, and scintillation
efficiencies

* 6 new PMTs with gain curves (for both A and B dividers)
and gquantum efficiency (often of several variants)

* Added documentation to guide users on adding their
own scintillators and PMTs
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Expanded Test Cases

* Cleaned, developed and expanded 4 test cases of

various detectors exposed to different radioactive
sources

* Created 3 new test cases demonstrating:

* A comparison between newly added scintillators
* The new deuterated scintillator capability

* How to implement new scintillators and PMTs using
data tables
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Summary of Results

Example deuterated
scintillator test case shows
effect of deuterium on

response
% - i_ —— EJ301 MCNP+DRIET
: ﬁﬂ B
Tl s W”H Wﬂ
10 = L
IE_ | i L i L |..‘.| | | |

* Measurements
10° &
:I[ MCNP+DRIFT, 1200V
:!: MOCNP+DRIFT, 1500V
5[[ . MCNP+DRIFT, 2000V
10°
B o’.-. ‘
10 = i
E @ L " L UJ:
= o
C A —LUT‘ H .
1 ; ﬂ]ﬂ %ﬂ N |
E 1 1 1 1 1 | 1 ] | || | H —‘ 1 1 1 | H—H ||||| H {
0 3 4

7
Energy / (MeVee)

DRIFT shows how over- or
under-biasing the PMT will
distort the spectrum
(measurements are at 1500V)
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Other Notable Work

* Expanded documentation, particularly on the process of
adding new capabilities and on running test cases

* Created a new version of the code intended for public
release

* Removed dependency of new version on ROOT to
Improve usability

* Began work on creating installation scripts for the code
to operate on different operating systems
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Future Work

* Release of DRIFT code on Github for wider use

* Development and expansion of semiconductor and gas
detector capabilities

* Further development and refinement of scintillation,
PMT, and digitizer response
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This work was supported by Laboratory Technology Evaluation &
Demonstration Funding.

This work was performed under the auspices of the National Nuclear
Security Administration of the U.S. Department of Energy at Los
Alamos National Laboratory, under contract DE-AC52-06NA25396.
DRIFT contributors include Madison Andrews, Surafel Woldegiorgis,
Cameron Bates, Edward McKigney, and Tyler Jordan.
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